Patients who underwent surgical resection of an advanced colorectal cancer during the period from June 1982 to July 2001 were examined for evidence of no anastomotic recurrence or recurrent lesions through combination of endoscopic ultrasonography (EUS) with endoscopy. Included in this study were 11 patients with recurrence and 36 patients without recurrence, 47 patients in all. Endoscopy revealed stenosis in 81.8% of patients with anastomotic recurrence, erosion including cancer exposure in 81.8% and submucosal tumor-like elevation in 45.5%. In the group of patients without recurrence it revealed stenosis in 13.9% of patients, erosion in 22.2%, and a scar-like change in 77.8%. There was a significant difference between the two groups in each change. EUS, on the other hand, revealed localized hypertrophy of the region extending from the muscularis propria (mp) to the serosa in 63.6% of patients with recurrence. In the group of patients without recurrence, and an extramural tumor in 36.4%. EUS revealed hypertrophy of the region extending from the submucosa to the mp due to edema early in the postoperative course. The rate of definitive diagnosis with EUS was 100%, compared to 90.1% for endoscopy. The results of this study indicate that EUS is helpful in detecting anastomotic recurrence of colorectal cancer.
INTRODUCTION
Postoperative recurrence of an advanced colorectal cancer is a serious threat to both patient and physician, and there is complete unanimity of opinion as to the necessity of strict observation after surgery. It is important that anastomotic recurrence in particular be detected and treated early, since it materially affects the outcome. The morphology of the postoperative colonic anastomosis differs from the early postoperative course within one year to the stage of over one year, but it carries a risk of anastomotic *Tel.: +81-3-3468-1251. Fax: +81-3-3468-1269. E-mail: snaka@t3.rim.or.jp 150 S. NAKAJIMA 10 27 Lymph node metastasis Positive 7 20 N.S. Negative 4 16 Stage (TNM) 0 6 N.S. II recurrence, whichever the stage may be. In this study, the usefulness of endoscopy and endoscopic ultrasonography (EUS) in the detection of recurrence was evaluated by observing the colonic anastomosis after surgical resection of a cancer and determining the type of anastomotic recurrence. (Table I ). There was no difference in the distribution of histologic factors between the 2 groups. There was again no difference between mp cancer and cancers invading beyond the serosa with respect to type of recurrence.
MATERIAL AND METHODS

Forty
The background factors of cancer were investigated, and the state of the anastomosis was examined with endoscopy and EUS. The items of investigation were (1) distance from the surgical material to the stump formed after resection of the primary growth, (2) endoscopic findings of the anastomosis, (3) EUS findings of the anastomosis, and (4) rates of accurate diagnosis by endoscopy and EUS.
Distance to the Stump (Fig. 1) Since there may be cases where cancer cells are remaining at the stump from surgical resection of the lesion for cause of recurrence, the distance from the surgical material to the stump was compared between the 2 groups. Whereas the distance ranged from 15 to 215mm (average 83.9mm) in the group without recurrence, it ranged from 8 to 225 mm (average 55.5 mm) in the group with recurrence. The average distance was shorter in the group with recurrence, but there was no significant differences in distance between the 2 groups.
Endoscopic Findings of the Anastomosis
The anastomosis was examined periodically with the colonoscope. The endoscopic findings of the anastomosis varied with time. Early in the postoperative course (2 months after surgery) edema, redness, and erosion were observed at the anastomosis (Fig. 2a) . Six months or more after surgery, slight stenosis and scar formation was observed, but the erosion and edema were no longer present (Fig. 2c ). This state was considered to represent a stage of disappearance of operative reaction. On the other hand, luminal stenosis and friability, unilateral, irregular, coarse mucosa exposing a cancer was observed in some patients (Fig. 4a) .
Endoscopic findings were compared between the group of patients without recurrence and the group with recurrence. The endoscopic findings were broadly classified as follows: difficult navigation as stenosis, mucosal erosion including invasion by the tumor, submucosal tumor (SMT)-like elevation, and a scar-like change.
In the group with recurrence, stenosis was observed in 9 patients (81.8%), erosion including cancer exposure in 9 (81.8%), SMT-like elevation in 5 (45.5%), and scar-like change in 0 (0%). In the group without recurrence, on the other hand, stenosis was observed in 5 patients (13.9%), erosion in 8 (22.2%), SMT-like elevation in 0 (0%), and scar-like change in 28 (77.8%). There was a significant difference between the 2 groups in the frequency of each change (Table II) . 
EUS Findings of the Anastomosis
Following endoscopic observation the anastomosis filled with deaerated water was observed with EUS.
Without Recurrence visualized (Fig. 2d) . The anastomosis showed hypertrophy of the mp, compared to normal condition, but the mp was imaged circumferentially even thickness. In the stage of disappearance operative reaction after surgery the mp alone showed circumferential hypertrophy.
The third layer corresponding to the submucosa and the fourth layer mp showed circumferential hypertrophy due to surgery (Fig. 2b) . The hypertrophy of the submucosa disappeared with time, and the mp of circumferentially nearly even thickness was
With Recurrence
Intense stenosis, erosion due to cancer exposure, and SMT-like elevation (Fig. 3a) were observed at the anastomosis. The fourth layer of about 1/4 of the intestinal circumference was thickened on EUS images, and high and low echoes were mixed in the affected region (Fig. 3b) . Consistent with the anastomosis, the histologic section of resected tissue showed recurrence on the side of the serosa continuous with the mp (Fig. 3c) . When the tumor recurred one year or more after surgery, the mucosal structure was destroyed unilaterally, and an extramural tumor was demonstrated (Fig. 4b) . Consistent with EUS images, the tissue specimen obtained at surgery showed the focus of extramural recurrence (Fig. 4c) .
The EUS images of the anastomosis were classified into varying grades of change. Even circumferential hypertrophy of the fourth layer (mp) at the stage of disappearance of operative reaction was observed in all patients. Local hypertrophy of the fourth layer was classified into less than 25%, 25-50%, 50-100%, and an extramural tumor (Table III EUS images were compared between patients with early recurrence (within one year) and patients with late recurrence (over one year) (Table IV) . Whereas less than 25% hypertrophy of the region extending from the mp to the serosa was observed in 66.7% of patients with early recurrence, half of circumferential hypertrophy in 62.5% of patients with late recurrence. An extramural tumor was observed in 0% with early [3] . As a matter of fact, the abdominal CT scan obtained 6 months after surgery was not remarkable in one of our patients in whom recurrence was detected by change by endoscopy 8 months after surgery. When the patient was operated on again at a later date, the tumor was found to have invaded beyond the mucosa superior to the colon into the serosa. The reason for failure to detect recurrence by CT seems that the lesion of recurrence in the pelvic cavity escaped detection because examination frequently performed around the liver. However, it seems undesirable to repeat the CT scan extensively because it involves exposure to radiation. MRI provides for qualitative diagnosis of fibrous changes and lesions of recurrence by comparing the relaxation time between lesion of recurrence and fibrous tissue [4, 5] . However, since the MRI scan has limitations in the study of the intestinal tract with peristalsis, in some of the patients the lesion of recurrence was demonstrated by MRI after detection by endoscopy, but the tumor was rather advanced in the pelvic cavity. Furthermore, MRI was not performed periodically on all the patients. Therefore, its usefulness cannot be affirmed.
The rate of recurrence at the anastomosis has been reported to range from 0.8 to 1.4% for colonic cancer [6, 7] and from 7.8 to 13% for the rectal cancer [8] [9] [10] . The time to recurrence is two years or less in most cases 11, 12] . Such was the case in 9 of 11 patients in this study. As for the relationship of demographic characteristics of patients with recurrence, there was no sex difference, but the age tended to be lower for the group of patients with recurrence.
However, the tumor is often well advanced by the time the lesion of recurrence is detected. It can be operated on again, but the prognosis is by no means favorable. This is because the lesion of anastomotic recurrence is difficult to detect in early postoperative period. The tumor is not visualized unless grown to a certain size. In anastomotic recurrence, in particular the tumor grows in the intestinal wall and on the serosal side. The lesion of anastomotic recurrence is already well advanced at the time an abnormality is detected on the mucosal side by colonoscopy.
Postoperative endoscopy is performed periodically to examine the anastomosis and detect a new lesion in the remnant intestine, but the state of the. anastomosis differs from the early postoperative stage to the later stage of stabilization. Erosion, an ulcer, and an edematous change are observed on the mucosa until about 6 months after surgery, and these changes become scarred over time so that it is difficult to identify the anastomosis in not a few instance [13] [14] [15] . In some of the patients with erosion, redness, and stenosis were revealed by endoscopy early in the postoperative course and only a scar was observed by re-examination several months later. In some cases, however, it is difficult to distinguish an early change in the anastomosis from recurrence. In cases where the main lesion is in the submucosa and is not exposed on the mucosa, cancer cells are difficult to be detected even by biopsy. Endosonography was introduced into the observation of the submucosal condition in the late 1980s, and attempts have since been made to detect anastomotic recurrence after surgery for colorectal cancer [16] [17] [18] [19] [20] . In the early days of intrarectal sonography, a probe was passed blindly through the rectum because this technology was not provided with endoscopic function. Therefore, only the rectum and neighboring region could be observed by intrarectal sonography. Around 1990 a dedicated instrument with endoscopic function was introduced [21, 22] so that the entire colon could be examined by EUS. Furthermore, a thin ultrasonic probe came into use so that an ultrasonic diagnosis could be made if the probe negotiated the stenosis, no matter how severe it was [23] . The thin ultrasonic probe came into widespread clinical use, [24, 25] and the frequency became variable with EUS. As a result, it became possible to make an ultrasonic diagnosis with judicious combination of thinner probes of different frequency. Furthermore, it has been reported that lymph nodes neighboring the serosa can be biopsied under ultrasonic guidance using the fine needle [26] [27] [28] .
EUS has been performed at our center to detect colorectal cancers since 1989, and its usefulness in the evaluation of the depth of invasion has been established to a certain extent [22] . For the examination of the anastomosis without recurrence, high frequency probe (12-20MHz) can be used and more low frequency probe (7.5 MHz) must be used for the purpose of detecting deep-lying lesion of recurrence because of deep attenuation.
Circumferential hypertrophy of the third and fourth layer of the colon due to submocosal edema were demonstrated until about 6 months after surgery, but hypertrophy of the third layer was not longer observed in the stage of disappearance of operative reaction. However, circumferential hypertrophy of the fourth layer, the mp, was visualized even seven years after surgery. This finding suggests that the local change in the mp can serve as an indicator of postoperative anastomotic recurrence. In other words, it is suggested that even hypertrophy of the fourth layer can be regarded as the absence of anastomotic recurrence and that localized hypertrophy is a sign of recurrence. At present, however, EUS is not performed on all patients to follow their postoperative course, and it is generally followed by endosocopy or the barium enema examination. Periodic observation was not conducted or the observation interval was widely spaced in almost all patients with local recurrence in this study so 
